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IX  SUeeLEHeNTAAY  NOTES 


1 A  ABSTRACT 

During  Chis  funding  period,  we  deterniined  an  opcioial  window  of  time  (8  days  post 
chematherapy— treaUient )  in  wftich  to  study  cheora— resistance  signaling  in  cheina— residual 
triple- negative  tujsor  cells,  establishing  an  in  vitro  model  of  triple-negative  breast  cancer 
dormancy/recurrence.  This  work  resulted  in  a  manuscript  publication.  Using  this  model,  we 
investigated  the  effect  of  reducing  FGP  receptor  2  expression  in  TN  turtor  cells  on  their 
cheno-resistance .  This  data  showed  that  PGF!12  does  not  drive  chenoresistance  in  this  breast 
cancer  sub-type,  disproving  our  original  hypothesis.  Using  a  Hovartis  PGFR  inhibitor,  we 
confirmed  a  role  for  PGPR  family  members  in  TM  tumor  resistance,  and  obtained  new  data 
implicating  PGP  receptor  2  in  this  function.  These  data  provide  a  foundation  for  testing 
PGPR3  regulation  of  TM  tumor  cell  chemo- resistance  in  the  next  grant  period. 
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PROCJRESS  REPORT: 


INTRODICTION: 

In  this  grant  term,  we  have  developed  an  In  vitto  model  of  (riplc-negalive  (TN)  brea^l  (iimor 
dormaney/rccurreriee,  re^uUIng  ir)  onepublicaiK)n(i)-  Whereas  our  preliminary  work  studied  slgrialing  in 
ehemoresidual  TN  tumor  eel  Is  surviving  2  days  chemotherapy  Irualment.  our  neiiV  results  suggest  that  TN 
tumor  eells  continue  to  die  up  to  7  days  after  ehemolherapy  treatment.  After  8  days,  a  small  number  of  cells 
(representing  0  1%  of  the  original  luirior  cell  population)  remain  viable,  and  exist  in  a  dormant  stale.  Two 
iivcekb  after  chemotherapy  rcmioval,  these  dormant  cells  resume  proliferation,  establishing  colonic's.  This  model 
IS  highly  relevant  to  this  grant  application  bexause  it  indiealcs  the  Importance  of  studying  chemo'resistance 
pathv^ays  in  TN  tumor  cells  surviving  chemotherapy  on  dS  of  our  dormancy^eurrcnce  model. 

Surprisingly,  using  this  in  vitro  model  of  tumor  dormancy/reeurrence.  iive  did  not  observe  an  effeet  of 
knocking  down  FCJFR2  expression  In  TN  tumor  eells  on  their  chemiitherapy  resistance  These  findings 
disprove  our  original  hypothesis  that  FCJFR2  promotes  TN  breast  eancc'r  ehemo*resistanee.  However,  we  did 
obsc'Tve  sync'Tgy  bc'tween  ehc'motherapy  and  a  small  molecule  FGFR  Inhibitor  in  reducing  rexurrentTN  colony 
formation.  These  results  support  our  original  hypothc'sis  that  FCJFR  inhibitors  may  synergize  with 
ehc'motherapy  to  eliminate  TN  brc'ast  tumor  eells 

During  this  grant  penod,  we  sought  to  delc'imine  which  FCjFR  family  members  drive  ehc'motherapy 
resistance  in  trlple*ncgative  breast  tumor  cells.  Using  a  phospho  tyrosine  kinase  rexeptor  array,  we  obseived 
high  FC»FR3  aetivlty,  but  not  high  FGFRl  or  FGFR4  activity,  in  SUMl  59  trlple*negativc'  tumor  cells.  Based  on 
these  discoveries  in  grant  year  1 ,  we  have  revised  our  original  aims,  ft^cusing  on  activities  for  FGFR3  instead 
ofFGFR2  in  TN  breast  cancer  chemoresistance.  These  revised  aims  are  as  follows 

REVISED  AIMS: 

Aim  1:  Examine  FGFR3  regulation  of  chemotherapy  resistance  in  triple-negative  (TN)  breast  tumor 
cells.  Hypothe^vi.  Chemotherapy  enriches ^r  TN  tumor  celts  expressing  FGFR3  FGFR3  promotes  chemo^ 
resistance  by  driving  AP- 1 -dependent  Snail- J  transcription. 

I  I  Examine  the  ability  of  DNA-damagIng  (Adriamyein,  Cyclophosphamide)  and  microtubule*targeting 
(Docelaxel)  chemotherapies  to  enrich  forTN  tumor  cells  expressing  FGFR3. 

I  2  Investigate  FGFR3  phosphorylatiorv'kinase  activity  in  TN  breast  tumor  cells  exposed  to  DNA-damaglng 
and  mlcrotubulc*largetlng  chemotherapies. 

I  3  Using  shRNAs.  Snail-1  promoter  constructs,  and  chromatin  Immunopreclpitation,  test  the  hypothc'sis  that 
FGFR3  drives  AP-l-dcpc'ndent  Snail*  I  transcription  in  ehemothcTapy-selccled  TN  tumor  cells. 

I  4  Using  shRNAs.  investigate  FCJFR3/Snall*  I  regulation  of  chemotherapy  resistance  (Adriamyein  vs 
Cyclophosphamide  vs  Doeetaxcl)  In  TN  breast  tumor  cells. 

I  5  By  immunohistochemistry,  examine  FGFR3  c'xpression  in  tumor  cells  obtained  fium  TN  breast  cancer 
palic'nis  pre*-  and  post*  neoadjuvani  ehc'motherapy  Irealmc'nl  (Adriamycin/Cyelophosphamldc  (AC)  or 
DoectaxeL/Cyelophosphamidc  (TC)]. 

.Aim  2:  Perform  pre-clinical  studies  of  a  novel  combination  therapy  (chemotherapy  +  F(>FR  inhibitor) 
for  triple-oegalive  (TN)  breast  cancer.  Hypothesis.  Bv  si^pre.ving  FGFRS  activity,  combination  therapv 
(chemotherapy  +  FGFR  inhibitor)  is  more  effective  than  chemotherapy  in  eliminating  TN  tumor  cetLs. 

2.1  Assess  the  impact  of  a  selective  FGFR  inhibitor  (Novartis;  NVP*BGJ398)  on  FGFR3 
phosphorylation/kina.M.' activity  and  Snail-)  expression  in  ehem«)lhc'rapy •enriched  TN  tumor  cells. 

2.2  Investigate  relative  efficacy  of  combination  therapy  [chemotherapy  +  selective  FGFR  inhibitor  (Novartis; 
NVP-BGJ398)  vc'Tsus  ehcmolhc'rapy  alone  in  eliminating  TN  tumor  cells  in  vitro  and  in  an  orthotopie 
mou.se  model 

KEYWORDS:  chemotherapy  resistance,  triplc*ncgativc  breast  cancer,  FGF  rexeptor 
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OVERALL  PROJECT  SUMMARY  (Tasks  refer  ti>  thusv  uulliocd  io  approved  Suiemeol  of  Work): 


Task  1: 

OBJECTIVE:  Examine  the  ability  orDNA*damagiiig  (Adriamcyin,  Cycl^hosphamJdc)  and  inicTDiiibiiJc- 
targeting  <Docctaxcl)  cbcmolbcrdpics  to  select  fbt  triple-negative  tumor  cdls  expressing  nuclear  FGFR2. 

RESULTS/DCSC'USSICN:  During  the  first  year,  we  developed  ao  in  vitro  model  of  TN  breast  cancer 
darmancy/tccufrencc  (Li  ct  al.,  2014;  Fig.  I  A>  These  studies  indicate  that  TN  breast  tumor  cells  exposed  for  2 
days  to  chemotherapy  continue  to  die  for  7  days  aAci  initial  chemotherapy  treatment  (Fig,  IB).  In  order  to 
study  a  chcmo-rcsislant  tumor  cell  population,  all  tasks  in  oui  revised  stalemenl  of  work  have  been 
modified  to  study  chemo-rcsistance  signaling  in  TN  breast  tumor  cells  harvested  days  aficr  chemotherapy 
ehallcngc. 

Preliminary  studies  presentexJ  in  our  grant  proposal  demonstrated  that  tumor  cells  surviving  2  d 
chemotherapy  ireatmeni  exhibited  increased  expression  of  nucicar-localizcd  FOFR2.  Dunng  this  grant  period, 
we  studied  FGFR2  expression  in  chcmo*rcsidual  tumor  cells  harvested  H  days  after  chemotherapy  treatment  In 
fact,  at  this  lime,  we  did  not  see  increased  FGFR2  expression  compared  to  that  observed  in  parental  cells  (Fig, 
IC).  This  finding  suggests  that  FGFR2  is  NOT  a  determinant  of  TN  breast  cancer  chemo-rcsistancc. 

Figure  I:  DevelopiDenlnfan  Io  vitro  model  of  TN  tumor  durmaney/reeurrencc.  A.  Schematic  of 
cxpcrimcnlal  tumor  dormaney/rccuirencc  model.  SLIM  159  TN  tumor  cells  were  treated  .short  term  (2d)  with 
chemotherapy  [docctaxel  ( I  (X)  dM)  or  adriamycin )  1  pg/mL)]  b  vitro.  After  8d.  dormant  tumor  cells  were 
observed.  On  dl  8.  these  tumor  cells  resumed  growth,  establishing  “rccurrcnr  colonics  B.  SUM  1 59  TN 
tumor  cells  were  bcubatcxJ  with  adriamycin  (1  gg/mL)  for  2  d,  after  which  chemotherapy  was  removed. 
Kinetics  of  cell  dic*otTwcre  assessed  by  counting  viable  cells  using  trypan  blue  al  the  bdicated  ibics  post* 
chemotherapy  ticatmcnL  C.  Nuclear  prutcb  extracts  were  obtairted  from  parental  SUMl  59  tumor  cells,  and 
chcmothcrapy*cnrichcd  dormant  TN  tumor  cells  (harvested  on  d8)  Equrvalcnt  amounts  of  nuclear  proteins 
were  subject^  to  SDS*PAGE,  and  immunobloltc'd  with  FGFR2  or  Lamb  A  antibodies,  followed  by  IrDye* 
conjugated  secondary  antibody.  Protein  bands  were  delected  by  Odyssey  infrared  imagbg.Notc  that 
FCJFR2  is  not  enriched  in  chcmo-rcsidual  TN  tumor  cells  harvested  on  d3. 
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Ta»k  3: 


OBJECTIVE:  Using  shRNAs,  invxsligaU:  nui^lcai  FGFR2/Snail*l  regulation  ot'chemelhcrapy  rcsislancc 
(Adriaincym  vs  Cyclophosphamide  vs  Doeclaxcl)  in  lripl««ncgative  brcaal  lumor  ecMs. 

RESULTS/DCSC'USSICN:  As  proposed  io  our  original  slatcment  of  work,  wc  produced  triple-negative  breasi 
caoecr  cells  slably  expressing  cllhcr  of  two  FGFR2  shRNAs  or  a  control  shRNA.  Wc  coD/irmed  reduced 
FGFR2  expression  in  FGFR2  shRNA  transfcctants  by  western  bloltuig  (Fig.  2A).  These  traDsfccLants  were 
exposed  to  Adriamyetn  or  Doeclaxcl  for  2  d,  alter  whieh  ehemelhcnipy  was  removed.  Chemu-rcsidual  dormant 
tumor  cells  were  counted  on  d8  after  chemotherapy  trcatmcntlFig.  2B).  Note  that  reducing  FGFR2  expression 
did  not  impact  the  number  of  chcmo-ccsidual  cells  on  dti.  FGFR2  shRNA'Cxpressing  cells  also  did  not  exhibit 
reduced  Treurrenr  colony  formation  compared  to  control  shRNA  cells  (data  not  shown).  These  results 
disprove  our  original  hypothesis  that  FGFR2  drives  TN  breast  canecr  chemotherapy  rcsistanee.  Similar  results 
were  obtained  using  docctaxcl  Trends  were  confumed  in  tbirc  independent  trials. 

Wc  also  investigated  whether  Snail-l ,  a  transcription  factor  that  we  hypothesized  to  be  downstream  of 
FGFR2  signaling,  is  uprcgulated  in  chemi>residual  TN  tumor  cells  har%'ested  dlt  after  chemotherapy  treatment. 
As  shown  in  Fig.  2C.  nuclear  Snail-l  expression  levels  were  significantly  increased  in  chemo-residual  dormant 
TN  tumor  cells  harvested  8d  a/icr  adriamyxin  or  docetaxcl  treatment. 


Figure  2:  FGFR2  shRNA  does  nut  reduea  number  ofcbemo-rusldual  dormant  tumur  cells  evolving 
after  chemotherapy  trealosenl:  A.  SUMI 59  cells  were  transfected  stably  with  eilhcr  a  control  shRNA  or 
either  of  two  distinct  FGFR2  shRNAs  (Sigma).  Stable  transfectanLs  were  .selected  in  puromycin  (5  pg/mL), 
Equivalent  amounts  of  total  cellular  protein  extracts  from  these  transfcctanis  were  immunobloUcd  with 
FGFR2  antibody  (R&D  Systems;  MAB4S62)  or  tubulin  antibody  (Sigma)  as  a  loading  control,  followed  by 
IRdyc  secondary  antibody.  Proteins  were  detected  using  Odyssey  infrared  imaging  B.  shRNA-expressIng 
cells  (2  X  1 0^)  were  treated  with  adnamycin  ( 1  pg/rnL>  for  2  d,  after  which  chemotherapy  was  removed  and 
new  culture  medium  was  added  back.  After  Kd,  chemo- residual  dormant  TN  tumor  cells  were  counted.  No 
differences  wxcc  observed  in  the  number  of  recurrent  colonics  counted  on  dl3  (data  not  shown).  C. 

SUMI  59  cells  were  treated  for  2  d  with  adriamycin  (adria)  ordoeelaxel  us  in  Fig.  1  Nuclear  protein  extracts 
were  obtained  from  ehcmo-rusiduul  tumor  cells  on  dK,  Equivalent  amounts  were  immunoblotted  with  Snail- 
1  (Cell  Signaling  Technology)  or  Lamin*A  (Sigma)  antibodies,  followed  by  IrDyc  secondary  antibody. 
Protein  bunds  were  detected  by  Odyssey  inlraed  imaging. 
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Ta»k7: 

OBJECTIVE:  (nvcsligalc  relative  cfTicacy  ofcorTibmalion  therapy  [chemotherapy  +  selective  FCxFR  inhibitor 
(Novartis;  NVP-BGJ398)]  ver^u^  chemulherapy  alone  in  eliminating  TN  tumor  cells  ixi  vitro. 

RESULTS/DISC'USSION:  Havbg  di^provcn  our  hypothesis  that  F(iFR2  drives  tripIc-DCgative  breast  tumor 
chcino*rcsistancc,  we  realized  the  immediate  need  to  dctermiDC  if  other  FGF  receptor  laniily  members  promote 
TN  breast  tumor  cell  chemotherapy  resistance  Accordingly,  we  tested  efficacy  of  FGFR  inhibitors  (TK1258. 
BGJ398;  Novartis)  in  increasing  TN  breast  cancer  ehemo-scnsifivity.  As  shown  in  Fig  3 A,  using  our  In  vitro 
model  of  tumor  dormancy/rccunvncc.  a  Novartis  FGFR  inhibitor  (TK1258)  significantly  reduced  the  number  of 
'^reeurrent"  colonics  evolving  from  chcmo*tcsidual  tumor  eclb  (po8t*adriamycin  treatment).  We  could  not 
make  any  conclusions  regarding  efficacy  of  a  second  Novartis  FCiFR  inhibitor  (BGJ393)  in  this  model  beeausc 
DM  SO  (control  treatment)  prevented  recurrent  colony  growth  (Fig.  3  A).  In  future  studies,  we  will  solubilize 
BGJ398  io  a  less  toxic  solvent  and  assess  tts  activity  in  our  model  In  addition,  we  will  study  the  effect  of  these 
FGFR  inhibitors  on  our  doectaxcbgencratcd  dormancy/rccufTcncc  model  (see  revised  SOW). 


Figure  3:  FGFR  inhibitor  (Novartis)  reduces  “recurrcnl"  colony  growth  in  in  vitro  recurrence  model.  A. 
SUM  1 59  tumor  eelis  were  iocubated  with  adriamycin  (I  pg/mL)  +/•  either  of  two  FGFR  inhibitors  (Novartis; 
7XQS8  or  BGJ39S)  at  a  concentration  of  50  nM  for  two  days.  Media  alone  served  as  a  control  for  1X058, 
while  DMSO  served  as  a  control  for  BGJ398).  After  chemotherapy  removal,  new  media  eootaining  FGFR 
inhibitor  in  the  absence  of  chemo  was  added  every  4  days.  Number  of  “recurrent”  colonics  was  counted  on 
the  indicated  days.  Note  thatTKJ25K  significandy  reduces  recurrent  colony  formadon.  No  conclusions  could 
bt  made  regarding  efficacy  of  BGJ398  in  reducing  recurrent  colony  formadon  because  this  compound  was 
resuspended  in  DMSO,  which  proved  toxic  on  its  own  in  the  in  vitro  recurrence  model.  B.  SUM  159  tumor 
were  iocubatc'd  with  docctaxcl  ( 1(X)  nM)  for  2  days,  after  which  chemotherapy  was  removed.  Recurrent 
eobi^  were  counted  ondlS.  Results  indicate  mean  number  recurrent  colonics  from  triplicate  wells  (+/. 
SD). 
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Ta»k2: 


OBJECTIVE:  [nvcstigalc  nuclear  FGFR2  phosphorylation/'kinasc  activity  in  ljiplc*ncgalivc  breast  tumor  cells 
exposed  to  DNA'damagtngand  micrutubulc*  targeting  chemotherapies. 

RESULTS/DISCUSSION.  Results  Irom  task  7  (above)  suggest  that  an  FGF  receptor  other  than  FGFR2  drives 
TN  breast  tumor  cell  chcmo-rcsislancc.  To  explore  which  FGFR  is  relevant,  we  investigated  the  levels  of 
phosphorylaled  FGF  receptors  in  SUM  1 59  TN  tumor  eells.  As  shown  in  Fig  4A,  levels  of  phosphoxylated 
FGFR3  were  sigjiifi^^tJy  elevated  in  these  tumor  cells  compared  to  Icveb  of  other  phosphorylatcd  FGF 
meeptora.  Notably,  in  a  screen  of  28  receptor  tyrosine  kinases,  FGFR3  showed  the  highest  level  of 
phosphorylation  in  those  cells  (Fig.  4B}.  Based  on  these  results,  our  new  hypothesis  is  that  FGFR3  drives  TN 
breast  tumor  cell  ebemores  (Stance 


Figure  4:  Assessment  of  FGFR  family  member  activity  in  SUM  1 59  tnplcmegativc  tumor  cells.  Total 
cellular  proteins  were  extracted  from  SUM  1 59  breast  tumor  cclb.  Expression  levels  of  28  tyrosine 
phosphorylatcd  receptors  were  determined  using  a  phospho  receptor  tyrosine  Idnasc  (RTK)  army  (Cell 
Signaling  Technology).  A.  Of  the  FGFR  family  members  represented  on  this  array,  only  FGFR3  exhibited 
significant  tyrosine  phosphorylation.  B.  Of  Ihe  28  RTKs  rcprescriled  on  ihb  array,  FGFR3  was  the  most 
highly  phosphorylatcd. 
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KEY  RESEARCH  ACCOMPLISHMENTS: 


•  Developed  an  in  vitro  model  of  lriplc*negalivc  breast  canecr  dormancy/rccurruncc 

•  Determined  optimal  lime  (d8  p»l  chemotherapy  treatment)  for  studying  ehemoresistance  pathways  in 

TN  breast  eaneer  colls 

•  Determined  that  FGFR2  is  not  a  driver  of  triple»negative  breast  tumor  ecll  chemo-resistance 

•  Showed  that  Snail*  1  Is  uprugulatcd  in  ehcmo-rusidual  TN  tumor  cells  obtained  8  days  after  ehemolherapy 

treatment  of  TN  tumor  colls 

•  Established  that  a  small  molecule  inhibitor  of  FGF  receptor  family  members  increases  TN  tumor  cell 

chc'mo-rc'sislance 

•  (dentefted  phosphor*FGFR3  as  the  most  highly  phosphorylatc'd  FGF  receptor  family  mc'mbcr  in  TN 

tumor  cells 
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CONCLUSION:  Our  studios  during  this  grant  period  optimize  a  model  for  studying  triplc*ncgalivc  breast 
cancer  ehcmoresistancc  pathways  that  likely  eonthbute  to  recurrent  tumor  growth.  Our  data  rule  out  a  function 
for  FGFR2  in  TT4  brc'ast  caneer  ehc'mo*resisCaiiec,  and  iir^lieate  an  alternative  FCJFR  family  member  (FCJFR3) 
in  driving  chemo-resistance  of  this  breast  eancer  subtype.  These  findings  pave  the  way  for  studies  of  FCJFR3 
regulation  of  ehc'mo*rcsistanee  in  the  next  period  of  this  grant  funding.  Ultimately,  results  from  this  period 
support  our  future  studies  (Aim  2)  of  combination  therapic's  for  TN  breast  eanecr  that  ineludc  both 
chcmiotherapy  and  a  small  moleeulc  FGFR  inhibitor. 

public:ations.  .abstract,  and  presentations: 


Peer*rc'viewc'd  scientific  journals: 

1  S.  LI.  M  Kennedy,  S.  Payne,  K  Kennedy,  V.  L  Seewaldt,  S.  V.  PI220,  R.  E.  Bachelder.  Model  of 
tumor  dormancy/recurrence  after  short'term  diemotherapy  PioS  One  9.  e9602l 
(20 1 4)  1 0. 1 371 /joumal.pon  e.009e02 1 ). 

^stracts: 

1  LI,  S,  Payne,  S,  Kennedy.  KM,  Pizzo,  SV,  and  Bachelder,  RE.  2014.  Identifying  novel 
therapeutic  targets  for  trlple^negatlve  breast  cancer  using  an  In  vitro  model  of  tumor 
dormancy/recurrence.  Stem  cells  and  Cancer  Keystone  Symposium. 

Presentations 

2013  Duke  University  School  of  Medicine,  Basic  Science  Research  Day  'Size  matters;  Targeting 
giant  tumor  cells  to  prevent  recurrence" 

2013  Duke  University  Medical  Center,  Department  of  Pathology  Grand  Rounds.  'Targeting 
chemotherapy'enriched  dormant  tumor  cells  to  prevent  recurrence* 


I N  V  ENTION  S,  PATENTS,  AND  LICENS  ES:  Nothing  to  rc'port 

REPORTABLE  OUTCOMES: 

I  .Development  of  an  in  vitro  model  of  TN  breast  eanccT  dormaney/rueurrenee 
OTHER  AC  H  IE VEM  E  NTS:  Nothing  to  rc'port 
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APPENDICES: 


Revised  StalcmcrU  of  Work 
Published  manusciipl: 

1  S.  LI,  M  Kennedy,  S.  Peyne,  K  Kennedy,  V.  L  Seewaldl,  S.  V.  PI220,  R.  E.  Bachelder.  Model  of 
tumor  dormency/recurrence  after  short-term  chemotherapy  PioS  One  9.  e9602l 
(20 1 4)  1 0. 1 371 /joumal.pon  e.009e02 1 ). 


RE\'ISED  STATEMENT  OF  WORK: 

Goal  I:  Examine  F(>FR3  regulation  of  chemotherapy  resistance  in  triple-negative  breast  tumor  cells. 

Task  I  (Months  1^15):  Examine  the  ability  of  DNA*damaging  (Adiiamcyin,  Cyclophosphamide)  and 
microtixbulc-targcting  (Docctaxcl)  chcmuthcnipics  to  select  for  triplc'-negativc  tumor  cells  cxprc'ssing  FC5FR3. 

Incubate  tv^o  iriplc-ncgalivc  tumor  cell  lines  (MDA-MB*23 1.  SUM  159PT)  in  vi/m  for  2  d  +/•  chcmcthcTapy 
[Adhamycin  (50. 25, 1 0, 5,  1  ng/mL),  Docctaxcl  ( 100  nM,  50  nM,  25  nM,  10  nM,  1  nM),  or  the  active  form  of 
Cyclophosphamide  (4*hydropc'roxy*cyclophosphamldc.  4-HC;  0.1. 1, 5,  10, 25  pM))  or  vehicle  alone.  Obtain 
nuclear  and  non-nuclear  (cytopla.smic  +  cell  membrane)  extracts  from  chcmo-rcsidual  tumor  cells  obtained  on 
d8.  Immunoblot  equivalent  amounts  of  nuclear  and  non-nuclear  proteins  with  antibodies  specific  forF(}FR3, 
Lamin  A  (nuclear  loading  control),  or  tubulin-spccific  (rxin-nuclcar  loading  control).  For  the  purpo.se  of 
generating  prulimlnary  data  for  this  grant  propo.sal,  MDA*MB-23)  and  SUM!  59PT  cells  iivcrc  already  obtained 
from  the  Duke  Cell  Culture  tacllily.  SUM  1 59PT  cells  wem  providcxl  by  this  facility  after  obtaining  permission 
for  distribution  from  Dr.  Ciayathii  Devi. 

Outcome.  These  studies  wHl  determine  the  ability  of  different  chemotherapy  regimens  to  enrich  for  FCiFR3’ 
expressing  TN  tumor  cells 

Task  2  (Months  13-15):  lnvc?<iigaic  FGFR3  phosphorylaiiorvlcina.se  activity  in  tripic'-negalive  brciLsi  tumor 
cells  exposed  to  DNA*damagingai)d  microtubule*targcting  chemcthcrapic's 

Incubate  triplc'-ncgative  tumor  cells  chomotberapy  as  in  Task  1  To  measure  tyrosine  phosphorylaicd 
FGFR3,  immunoprccipilate  FC}FR3  from  extracts  of  thc'sc  cells,  and  Immunoblot  with  pan  phospho-tyrosinc 
antibody.  Mciisurc  FGFR3  kina.se  activity  by  performing  in  vitro  kina.se  a.ssays  on  FGFR3  immunoprreipilates 
from  nuclear  extracts 

Outcome.  These  studies  witl  determine  the  activity  of  FQFRi  in  chemoiheropv’enriched  tripie^negative  tumor 
cells. 

Task  3  (Months  16-24):  Using  shRNA.s,  investigate  FGFR3/Snail-1  regulation  of  chemotherapy  resistance 
(Adriameyin  vs  Cyclophosphamide  vs  Docctaxcl)  in  Iriple-nc'gallvc  brciist  tumor  cells 

Task  3a  (Months  16-24):  Invccriigaic  FGFR3  regulation  of  chcmiotherapy  rcwistance  in  triple-negative  breast 
tumor  cells. 

Transfect  TN  tumor  cells  with  F(}FR3  shRNAs  or  a  control  shRNA  Incubate  these  cells  +/-  chemolhetapy 
(Adriamycin  or  Cyclophosphamide  or  Docctaxcl)  for  2d.  Determine  cell  viability  on  dS  using  Alamar  Blue 
( Invitrogcm)  and  trypan  blue  assays. 


II 


Task  3  b  (Months  16-24):  Investigate  Snail*  I  rugulallon  of  chemotherapy  resistance  in  TN  iiimor  eclia. 

Transfect  TN  iiimor  cells  iivith  Snail*!  shRNAa  or  a  control  shRNA  Incubate  transfeetants  +/-chcrnotherapy  as 
in  Taak  I .  Test  cell  viability  as  in  task  3A 

Oulcome.  We  wiY/  determine  whether  FGFRS  and  Snail- 1  drive  chemo/herapy  resistance  in  TS  breast  tumor 
cells. 

Task  4  (Months  22-24):  Test  the  hypothesis  that  FGFR3  drives  AP*  I  *depcndent  Snail-I  transcription  in 
chemoiherapy*selectcd  triplc*ncgativc  breast  tumor  cells. 

Task  4a  (Months  22-24):  (nveatigate  FGFR3  regulation  ofe-jun  expression. 

Incubate  FCJFR3  transfeetants  (from  3)  +/-  chemotherapy  for  2d.  Harvest  ehemorcsidual  tumor  cells  on  dH 
Extract  RNA,  and  determine  e-jun  mRNA  levels  by  real  time-PCR.  Immunoblot  equivalent  amounts  of  total 
cellular  protein  with  c-jun,  pho8pho-c*jun(Ser63).  FGFR3.  andactin  antibodies. 

Task  4b  (Months  22-24):  Investigate  FGFR3  regulation  ofe-jun  transcription. 

Incubate  FGFR3  transfeetants  (from  3)  +/-  chemotherapy.  Determine  c*jun  promoter  activity  using  a  c*jun 
prumotcr*drivcn  lueiferase  construct  Test  association  of  FGFR3  with  the  c-jun  promoter  by  chromatin 
immunoprucipitation  (CHIP). 

Task  4c  (Months  22-24):  Assess  FGFR3  regulation  of  activity  of  AP-I. 

After  incubating  FGFR3  transfeetants  (from  task  3)  +/-  chemotherapy,  measure  AP-l  activity  using  an  AP-I 
rt'portcr  lueiferase  kit  (Qiagen). 

Task  4d  (Months  22-24):  [nve'stigate  FGFR3  regulation  of  Snail-I  expression. 

Incubate  FGFR3  transfeetants  (from  task  3)  +/-  chemotherapy.  Measure  Snail- 1  mRNA.  Snail-I  protein,  and 
Snail-I  promoter  activity  in  these  transfeetants  using  our  published  methuds(2,  3). 

Task  4e  (Months  22-24):  Elcierminc  importance  of  AP-l  for  chemotherapy  regulation  of  Snail-I. 

Transfect  triple-negative  tumor  cells  with  e-jun  shRNAs  or  control  shRNAs.  Incubate  transfeetants  +/- 
chemotherapy.  Confirm  e-jun  knockdown  by  immunoblotting  extracted  proteins  with  c-jun  antibody 
Determine  the  ability  of  chemotherapy  to  regulate  Snail-I  expression/'promoter  activity  in  c-jun  shRNA  and 
control  shRNA  transfeetants  Test  e-jun  a.ssoeiation  with  the  Snail-I  promoter  by  CHIP. 

Outcome'  These  studies  will  determine  if  FGFR3  drive.s  Snaib!  transcription  by  regulating  AP-I  transcription 
factor 

Task  5  (Manihs  19-24):  By  immunohistochemistry  (IHC).  examine  FGFR3  expression  in  tumor  cells  obtained 
from  tciplc-r>egative  breast  cancer  patients  pn>  and  post-  neoadjuvant  chemotherapy  treatment 
(Adnamcyin/Cyclophosphamide  (AC)  or  Docetaxel'Cyclophosphamidc  (TC)] 

Task  5a  (already  completed):  Obtain  human  siAjects  approval. 

Task  5b  (Months  19-21):  C^timizc  an  IHC  protocol  for  detecting  FGFR3  in  triple-negative  breast  cancers. 
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Opliniizc  a  protocol  for  detecting  F(}FR3  in  tripIC'Dcgahve  tumor  cells  pre-  and  post*  chemotherapy  treatment 
using  cell  blocks  from  tumor  cell  lines  previously  shown  (by  immunoblotting)  to  be  positive  (Adhameyin* 
irvaled  (25  ng/mL)  SUM  1 5 9PT  cells]  or  negative  (MCF7  cells)  forFGFR3. 

Task  5c  (already  completed):  Cdcntify/obtain  relevant  retnispeetive  triple-negative  breast  cancer  patient 
samples. 

Identify  and  obtain  from  National  Comprehensive  Cancer  Network  (NCCN)  relevant  triple*negative  breast 
cancer  tissues  (n=40,  pre  and  post*neoadjuvant  (AC)  therapy  (cohort  1 );  n=40,  pre-  and  post*  neoadjuvant  (TC) 
therapy  (cohort  2)j.  Obtain  TN  breast  cancer  tissues  fiom  Dr.  Matcom’s  ncoadjuvant  protocol  [n=40,  pre  and 
post«neoadjuvant  (AC)  therapy  (cohort  3);  n“40,  pro-  and  post*  neoadjuvant  (TC)  therapy  (cohrst  4)]. 
Considering  that  approximately  60%  of  triple-negative  breast  cancer  patients  exhibit  an  incomplete  patholgoie 
response  to  neoadjuvant  chemotherapy  lreatmenl(^),  wc  expect  to  obtain  residual  tumor  cells  post 
chemotherapy  treatment  Irom  only  24  patients  Irom  each  cohort  of  40  patients. 

Task  5d  (Months  22«24):  Measuring  F(}FR3  in  trip1e*negative  breast  cancers  pre*  and  post-  neoadjuvant 
chemotherapy  treatment. 

Using  the  protocol  optimized  in  Task  5b.  stain  the  triple-negative  breast  cancer  cases  described  in  Task  5c  for 
FGFR3  Score  the  %  FGFR3(+)  tumor  cells  for  each  case  (pre  and  post  chemotherapy  treatment).  For  each  of 
the  four  cohorts,  determine  the  change  in  percent  FGFR3(+)  tumor  cells  from  pre*  to  post*  chemotherapy. 
Estimate  mean  change  with  its  80%  confldcrKC  interval.  Use  the  Wileoxon  signed-rank  tc?>t  (l-sided  alpha  of 
0.025)  to  test  whether  the  central  tendency  of  this  ernlpoint  is  greater  than  zero 

Ouicome.  We  h///  determine  if  the  percent  FGFR3(+)  tumor  cells  in  triple-negotivc  breast  cancers  is  increased 
folloning  either  AC  or  TC  neoadjuvani  chemoiherapr  treatment 

Goal  2:  Perform  pre-cUnlcal  studies  ofa  novel  combinatlvn  therapy  (chemotherapy F(>FR  iohibltor) 
for  triple-negative  breast  cancer  (Months  2^36). 

Task  6  (Months  25-27):  Assess  the  impact  of  a  selective  FCJFR  inhibitor  (Novartis.  NVP.BGJ398)  on  FCJFR3 
phosphorylation/kinase  activity  and  Snail*  I  expression  in  chemotherapy*enriehed  triple*negativc  breast  tumor 
cells 

Incubate  ttiplc*ncgative  tumor  cel  Is  (MDA*MB-231  and  SUM159PT)  +/*  chemotherapy  (as  de.scribcd  for  Task 
I )  +■'•  selective  FGFR  inhibitor  (NVP-BGJ398,  Novartis;  concentrations®  0  05,  1. 5,  10, 50  nM)  in  96  well 
plates.  Measure  FGFR3  phosphorylation/kinase  activity,  and  Snail-I  expression/'piomotcr  activity  as  in  Goal  I. 

Outcome'  These  studies  will  determine  y^hether  an  FOFR  small  molecule  inhibits  FGFRS  activity  and  Snail- 1 
expression  in  chemotherapV’treated  triple-negative  tumor  cells 

Task  7  (Months  28-30):  Investigate  relative  efficacy  of  combination  therapy  [chemotherapy  +  selective 
FGFR  inhibitor  (Novartis.  NVP*BGJ398)]  versus  chemotherapy  alone  in  eliminating  TN  tumor  evils  in  vitro 

Incubate  tumor  cells  in  vitro  +/-  chemotherapy  +/*  NVP-BGJ398  as  in  Task  6.  Determine  cell  viability  on  d8 
post  chemotherapy  treatment  as  in  Task  3a.  Count  reeurrunt  eolnoies  on  dl  8  post  ehemothcrapy-truatment. 
following  the  protocol  of  our  published  dormancy/recurrence  model  (i). 

Outcome'  These  studies  will  determine  whether  an  FGFR  small  molecule  inhibitor  reduces  the  number  of 
chemo-residua!  tumor  celLs/recurrent  colonies  in  an  in  vitro  model  of  tumor  dormancy/recurrence. 

Task  8  (Months  25-36):  Determine  efficacy  of  combination  therapy  (chemotherapy  +  FGFR  inhibitor)  in 
eliminating  triple-negative  tumor  cells  in  an  ortholopic  mouse  model. 
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Task  8a  (M<^nlh^  30):  Obtain  approval  to  perform  anirrial  work 


Task  8b  (Momhs  3 1 '32):  E.<tt^lish  lriplc*ncgaln'c  tumors  In  nude  mice. 

(njci:t  female  nude  mice  (4  weeks  old)  in  the  mammary  fat  pad  with  10^  MDA  •MB-23I  cells.  Evaluate  tumor 
volume  with  calipers  3x/week.  Onee  lumurs  reach  200  mm  ,  start  treatments  (See  Task  8c).  These  studies  will 
employ  180  nude  mice  (30  miee/treatment  x  6  Ireatments). 


Task  8e  (Months  33):  Treatment  of  nude  mice  with  combination  therapy  (ehemotherapy  +  seleetive  FC5FR 
inhibitor). 

Randomize  mice  with  tumors  (200  mm')  into  six  treatment  groups  (30  mice  per  group):  1 )  vehicle  alone.  2)  4 
mg/kg  Adriamycin  [intravenous  (IV)],  3)  NVP.BGJ398  (15  mgig;  oral  gavage),  4)  NVP*BGJ398  (45  mg/kg; 
oral  gavage),  5)  Adriamycin  (4  mg/kg;  IV)  +  NVP-BGJ398  (15  mg/kg;  oral  gavage).  and  6)  Adriamyein  (4 
mg/kg.  IV)  +NVP*BGJ398  (45  mg/kg;  oral  gavage).  Repeat  Adriamyein  treatments  weekly  for  14  days. 
Repeat  NVP-B(}J398  treatments  daily.  Measure  tumor  volume  with  calipers  3x/wk  for  the  duration  of 
treatment  (14  days).  At  the  end  of  treatment,  excise  and  snap  freeze  any  residual  tumors  detected. 

Task  8d  (Month  34):  Perform  statistical  analysis  to  determine  if  combination  therapy  is  more  effective  than 
ehc'motherapy  alone  in  reducing  triplc*ncgatlve  tumor  volume 

We  hypothesize  that  the  median  tumor  volume  at  the  end  of  2  weeks  will  be  significantly  smaller  in: 

a)  group  2  (Adria)  than  in  gn^up  1  (vehicle) 

b)  group  5  (Adria  +  15  mg/kg  FGFR  inhibitor)  than  in  group  2  (Adria) 
e)  group  6  (Adria  +  45  mg/kg  FGFR  inhibitor)  than  In  group  2  (Adria) 

d)  group  5  (Adria  +  15  mg/kg  FGFR  inhibitor)  than  in  group  3  (15  mg/kg  FGFR  Inhibitor) 

e)  group  6  (Adria  +  45  mg/kg  FGFR  Inhibitor)  than  In  group  4  (45  mg/kg  FGFR  inhibitor). 

PcTform  the  Wlleoxon  rank*sum  test  with  a  I'sided  alpha  of  0.01  (0.05/5)  to  test  for  the  signifieanec  of  c'ach  of 
these  five  hypothesized  group  diffcrcrKcs.  At  the  end  of  the  study,  plot  median  tumor  volume  against  time  for 
each  of  the  six  treatment  groups.  Use  the  Wileoxon  rank*sum  test  to  test  for  a  group  dIffcTunce  at  each  of  the 
Individual  time  points 


Task  8e  (Months  35-36):  Analyze  residual  tumor  cells. 

Extraet  nuelear  proteins  from  residual  tumor  cells.  Immuncprecipitatc  FGFR3  from  equivalcmt  ami^unts  of 
nuclear  extracts,  and  immunoblot  these  immunoprecipitated  proteins  with  anti-phospho-tyrosirw.  Measure 
FGFR3  and  Snail*  I  c'xpression  In  nuclear  c'xtracts  by  immunoblotting. 

Ouicome.  Results  will  establish  in  an  orthotopic  mouse  model  whether  a  novel  combination  therapy 
(Adriamycin  +  FGFR  inhibitor)  is  more  effective  than  chemotherapy  atone  in  eliminating  triple^negative 
breast  tumor  cells.  They  will  also  determine  the  ability  of  this  FGFR  inhibitor,  when  combined  with 
chemotherapy,  to  reduce  levels  of  tyrosine  phosphorylated  FGFRS  and  SnaiUl  in  tripie^negative  tumor  cells 

Future  Directioos:  The  proposed  work  studies  the  ability  of  a  novel  coir^ination  therapy  (chemotherapy  + 
FGFR  Inhibitor)  to  eliminate  human  triple*negativc  breast  tumor  cells  more  effectively  than  chcmolhc'rapy 
alone.  We  will  test  the  efficacy  of  this  combination  ihcmapy  both  in  vitro  and  In  an  orthotopic  mouse  model. 
These  pre-clinicai  studio's  will  provide  an  essential  foundation  for  a  frjture  clinical  trial  of  this  combination 
ihc'rapy  in  tripic'-negative  breast  cancer  patients.  Based  on  his  extensive  experic'nec  with  clinical  trials,  our 
collaborator  (Paul  Kelly  Marcom,  M.D.)  can  rapidly  translate  these  findings  into  human  clinical  trials.  Thc'se 
trials  will  test  efficacy  of  this  combination  therapy  (compared  to  efTicacy  of  chemotherapy  alone)  in:  I ) 
promoting  a  complete  pathologic  response  In  triple*negativc  breast  cancer  patients,  and  2)  prolonging  patient 
survival. 
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Fur  thi^  propoMil,  out  studies  of  eombiricjlion  thempy  in  the  orthutopic  mou^  model  arc  limited  to 
Adriamycir)  +  FGFR  inhibitor.  If  our  in  vitro  studies  show  that  other  combinatior)  therapies  (Docctaxel  + 
FGFR  inhibitor;  eyelophosphamidc  +  FGFR  inhibitor)  are  more  efTectlve  than  the  respective  ehemolherapy 
alor)e  in  eliminating  triplc'negative  tumor  cells,  we  tivill  in  future  studies  test  these  alternative  eombinatior) 
therapies  ir)  an  orthotopie  mouse  model,  pavirig  the  way  for  clinical  trials  of  FGFR  inhibitors  in  eombiriation 
with  other  chemotherapy  regimens  as  an  effective  treatment  strategy  for  triplc*negative  breast  cancer. 

Study  Site/Key  Personae):  All  studies  will  be  performed  at  Duke  University  Medical  Center.  Durham,  N  C. 
The  PI  is  Dr.  Robin  Bachelder.  Drs.  Joseph  Geradts,  Mark  Dewhirst,  and  Paul  Mareom  will  serve  as  eo« 
investigators.  Dr.  Bereedis  Peterson  will  serve  as  Statistician.  These  studies  will  ineludc  animal  use,  and 
involve  the  use  of  human  sidijects  and  human  anatomical  si^stanecs. 
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Model  of  Tumor  Dormancy /Recurrence  after  Short-Term 
Chemotherapy 

Sh*r>duo  LiV  K«nn«dy\  Sturgi*  P«yM'.  K*lly  KMr>*dy',  Vlelorla  L.  SMwaMe^, 

S^vctof*  V.  Pi22o',  Robin  E.  Baeholdtf'* 

1  C^Wiin  d  OM  Ur«<««n  MedO  CMvr,  Owim  MsUi  CmM,  UNoS  d  AhwHa  i O^MneK  ol  UtAd*  Old*  UnMVt^  rVrfc-rf 

OtsHan,  Moitn  CacOH  UWM  d  Amala 


Ab«tr*ct 

Although  many  tumon  ngms  r  nsporue  to  neoad|uvantchemalherafiv,  r^^idual  tumor  cdls  ara  dettctod  in  most  cancat 
padents  post-traatmaoL  Those  residual  ttsnor  calb  are  thou^t  D  rematr  dormant  for  years  before  lesumrg  grovniv 
lesultvig  in  tumor  recurrence.  Considering  that  recurrsii  tunxin  ere  most  oftei  re^oruible  for  petieit  morlalty,  there 
easts  an  urgent  need  to  study  signaing  pathways  that  drive  tumor  dormarKy/reormKe  We  have  developed  an  in  ntro 
model  of  tumor  dormancy/iecurrerta  Shoit'tenn  exposure  of  Tumor  ols  {breast  or  prostatel  to  chemotherapy  at  cfinially 
relevant  doses  eifid>es  for  a  dormant  tumor  cel  populatiorv  Several  days  after  refT>o^n9  dwriMithefapy,  doniMru  tumor 
ceBs  regain  proIrfereOve  afality  and  estabBsh  aslonias,  ressnbirg  tumor  recurrerKe.  Tumor  cels  from  'recurrent*  colonies 
ediibtt  irrcreesed  chemotherapy  resistarKe,  similar  to  the  therapy  resetarwe  of  recipient  tumors  in  carreer  patieits.  Previots 
studies  usrg  long>term  diemotherapy  seleQion  models  idendl^  acquired  mutadons  that  dr^  tumor  resistance  In 
carrtrest  ois  short  tann  diemothafapy  oposiee  modd  oindres  for  a  slow<ydir(g,  dormant,  dianKMesistoil  tumor  al 
sub'populadon  that  an  resume  grow^  after  drug  removal.  Studyirrg  unique  signairg  pathways  In  dcniMrl  tumor  celb 
eiridied  by  short'term  dremotherapy  treatmerrt  is  aapected  to  identify  rwvel  theapeutic  targets  for  prevendrrg  tumor 
reojnence. 

OaefcM.  ij  S  KevieJ;  M,  Nyne  &  Kmitefr  f.  SneuU  tt.  s  A  0014)  Uodd  griunor  Oamvnritocvne'a  ator  ^lowTenn  Ownodwepy  PlaS  CNC  SOI- 
rtaori.  4ci1  OIJ?U)o«TWeen6lXMt2l 

IdKon  lrvi«  U  AgoteUt,  no(*M  auuirtWuiW  UrVM  SWm  oTAmein 

ItoceM  OMilWeetQ  MtS.  A(t«pt«a  Ae4  2ft  2014  fteftbM  M«y  20,  2DU 

tepTrid*  ^  U  S  k  TtW  •  ■!  otSde  OSVftutBl  \m>»'  Bic  WriTM  dVtt  CmOre  Cerrunorv  AuAuPor  U««4  MVdi  pems  miUicifcJ 

iM,  fcirfctWcn  aid  mxuUucOonei  atif  inedhe4  preMMddieor^M  author  and  mom  are  bieJIwl 

PotdWft  rwHend  Csieo  hutftaie  It21  CAI4122S,  vawan:«r.9o<c  Manal  liMKino  fPI  CAISSaftft  wwe.cwicvfot:  Dmartnon  d  OW«e« 
OeeOad  IWOtal  It^ardi  W|1  2*1H!l*7ft  oftntpornrmP  OmartmeS  d  Cadans  CortT^Banall*  OVottd  MoAA  Ibirntbi  ViVI 

12*14404,  oaTrp.amyfnV.  the  toites  had  no  rob  >v  study  Mb  afcoMv  and  atrahali,  deddoo  W  paiBMv  w  pr^atWor  d  the  rnanuaoW 

Corvodtaq  fciteiailii  The  auVvss  here  Mkoad  dial  noconeoBig  BnoeiC  siR 

*  Hnrf  feMub^tSMrOiUeadu 


Introduction 


De^Piie  ihc  appartai  cSkafy  oT  c^moiber^y  ib  “shKakiB^'’ 

i^iit  are  rboi^ftu  to 

coavbuu  to  fuiurt  tusor  tecurrcBce,  the  kadiaft  cause  of  padeat 
asottaliiy  [I].  ideauScsQoa  of  protetas  »ha»  coefer  ehemo* 
therapy  reaiHanec  has  histoncaDy  relkd  oa  studsM  of  a^tuliUK 
pathways  eipponed  by  cells  tubfacted  lo  loog^traa. 
dos  ^Ujg  sdectioo  f2,f]  Hese  loeft-tem  sakci^  adw 
{or  ouitadoes/cpigeAetie  a^AHifii-ar.n-it  tisji  reads  b  squired 
dpreoKO/aecMry  protons  bvolvcd  in  t^rapy  rtOHauc.  The 
clbkal  relevaBce  of  ihw  tena  sekrODO  rcoaains 

coBVowrBal  (4] 

Other  propose  ihsi  cunun  are  bcterofieapouft  coasisi* 

Bijg  c£  t^rapy^easftM  a^  iherapyeainaat  '’'"w  ceo  subpop* 
uia>«-i»  [5,6,7,G>9,101.  Ancordot  to  ihesc  eaodels,  (oQowvig 
ebaaotbenpy  aeaimaBi.  cheaao-resstaBt  tucaor  cells  exst  in  a 
^tnaaiit  {d«ptQ^  fee  mafiy  v^arr  bclbrc  rcnuu&g  ^svth. 
reauluim;  b  cumor  rccutrorc.  Methods  art  aieded  lo  br 

(mnar  alkrttSBg  bt  nudici  of  ihtir 
pnqrcrtKi.  Surb  audkt  be  cnikal  lo  logical 

tber^euck  lar^u  Ibr  peeveMu^  cumor  reatfttucs 
Uabjj  abort  lam  iwi»ti»««py  |£^  — nvh  By 

resBcaBi  ciutus  we  have  ckwloped  aa  m  ner  d nieaor 

rtruatetee.  la  lbs  duxt-ttra  capos ure  of  breast  and 


peosiatc  uinmr  mb  is  daiicsfiyeelcvatii  daateg/ 

dose  earKbes  (or  a  populate  of  ilow-ryebaj  {dorouBt} 

C^ttotbenpy-enrKbed  dorouBt  lua^  >*ii»  resuEOe  prdif* 
eraiun  apptouaiately  tcB  days  aftet  ebemoAerspy  whhdratvaL 
(Mabg  rescBibliBft  a  rcciurtBce  Coloain 

£rt01  f»iQ«  GtbUl 

tesistaBce  co  the  on^pfial  **>!»>'* iBSult,  to 

recurrent  ruBun  in  cancer  paikBts.  GoDuasUBi;  whb  evolution 
modeb  of  iberapv  rcesiaBce,  ebe  caineitf  a  of  i  lnig  i  riimni  utasor 
ceU  wbpopuIaBQQs  ib  tbe  orifpBaJ  tuiocr  tbai  we  caa 

eSacdvely  cumev  recurtcace  by  impkmisui^ 

lUB  ibcrapes  |chaiMlherapv  (tar^cbg  ^oliTcraiivc  ceIls)Kbcra> 
pV  targeting  dtt^rtsutafit  turner  ceUs]. 


MaCorials  ond  Modvods 


Call  CiJiure/Hedgents 

SUM159  cells  vrcrc  from  Dtd£  Cdl  Culiute  FadUry 

end  BMifiianinJ  u  Ham's  7-12  mnbuai  coeuanuag  5^  bmi- 
iBaoKaied  FBS,  i  |if/eal  a*«/t  1  |ig/ml  bydroeortuone. 

DUI4S  proscaic  cancer  were  obialBcd  from  tbe  Duke  GeD 
Culture  Fadbry  and  BiaieicauMd  in  RFMI  1640  i'n«»*ining  lOH 
beat-baciMied  FBS 
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Cfiemo  Remove 
Ti  cnemo 

1 

OtO'Off  Residitfi 
umorodiK 
(Dorms  nt) 

•Recurrenr* 

Ceieniea 

1 - 1 

f  k 

f"  1 

dO 

d2  cI4 

dfi  diO 

did  d22 

(bfBesi)  (promsia)  (bmesi)  (preetste) 

(brees)  (pmateie) 

•  cn«mo 
(1»xlCaJ 

1 

Pimntal 

Romovu 

CNemo 

RiAdual  tumcM  calls 

*flpcidiant”  cdonias 

Day  0 

Day  2 

Day  B 

Day  18 

C.  *  Ctiemp  Remove 

(e  X  ICso)  Cneno 

I  I 

Petenlal 

Osy  0  Day  4 


Residual  tuffior  eeh 
Day  10 


'Reci^reni*  cotonies 
Day  22 


OatoruDion  ooceUcei  OoceOKei 


Haura  1.  Pi  MWaoMef  twwraeraeo^AearwceaAaff  thert-Mnn  ditiwettfipy  BeiBnut  <LSdi»<nat)c  o^eiqienBKriol  tumor 
ttonrtancy/reaerBtaflwdeL  Bmsi  BUMlsn  or  prusiMe  (OU14S)  oenoc  cells  were  treated  sNon  rerm  (breesi  2  d;  prosuie  4  dl  witft  dtemotherspy 
m  MVD  AAer  l  d  CbmesC  orlo  d  (prosottX  demerit  Mitorcels  (breei  d&  prosistt  dlO)  were  observed  Over  one  Cbr«asldl&  prostBttd22X  t^ese 
donnoM  tumor  cells  leeumed  ^roMtiefiiUuNfi^  ''eoifrent*  coloriles  B.  SUMI&9  breesttunor  cele  (yeremel.  left  pMbdXJ  vrere  inujbetedviith 
OocelaMi  (100  nM  lOQ  fold  IC^  lor  2  d  after  wtudi  cheinothericiy  was  removed  and  fresh  cOtuie  medium  added.  Residual  tumor  eeHs  were 
I>ne9ed  ort  d6  lAer  treaimem  (Residual  lumor  cels,  iniddte  pattel  4X3  ColceUes  evoMnj  from  residual  mmor  cels  were  vnased  ortdis  ('ReoarenT' 
coloftie^  rt^ncparieiM  SnvlB'  lesulu  were  oOumed  usIn^SUMIM  eHs  Mubeted  wlOiOoHM^Iri  (DoWfbr2  d(l  ti^rid  100  fold  ICe»  den  not 
sKowfi).  C  0V145  pmstate  cancer  cells  iftrentaL  left  panel  eX}  wem  inaibeted  wlh  Docetaael  {10  nM)  Rtr  «  d,  after  wMA  chenttOterapy  was 
removed  and  fresh  culiae  meAum  MAd  ftestdual  tumor  cells  were  Rna^ed  ort  diO  after  treetmeni  {ResUual  tumor  cells,  middle  panel  ICU^ 
Colonies  were  Ime^ed  on  d22  rfleajrrenr*  coMmies,  nght  paneIrMl.  O.  SUUt59  were  mcuOaied  mOi  DworuWciit  orOocetaaeles  lft~B^  Reonreni 
coloroes  were  counted  using  aysial  Wolel  on  dll  Ukewee  Dilies  were  Inaibated  with  Docetacel  as  n  C  Raoarent  colonies  were  counted 
usin^  oysal  violet  on  d22  Results  are  rttresentative  of  ai  Imst  three  Independent  trUls. 
deii  0 1)71 />oi«tieLM^0OQS02i  9001 
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Time  Course-  Cell  Death  Following  Acute  G>emotherapy 
Treatment 

SUMinxvere  uKuhated  svkb  dQ«3rubkiQ{l  |iM){br2  d,  &ft«r 
wtuck  dMStothanpv  '■es  tecooved,  &nd  oew  oKdiA  added, 
nwtognphi  \v«re  ukeo  luing  an  Olympus  inverted  ancroecope 
Mib  e  Canon  EOS  Kfbel  T4(  FIjuJ  4X  and 

lOX  Viable  cell  Dumber  was  dcierraincd  by  perforaaiDg  oypaa 
blue  on  calls  tiai%asted  ai  S  b.  dl,  ^  dS,  and  d?  po«- 
cbecaocLerapy  naamKoL  AlKrnadvaTv.  DUI45  cuator  warn 
incubated  Mtb  docetaael  (10  nM).  Cbeeioiberapv  remcned 
aflet  4  d  VeUe  cell  nuabar  was  deieimned  as  above  Tor 
cbecaocLerapy^raated  SUMl  H  cell. 

Time  Course-  Regrowih  of  Otemo^siduel  Tumor  Cels 

six  days  after  chemotherapy  removal.  SUMIH  cab  ware 
barvesced  wilb  irypab-EDTA.  and  regaled  in  96  well  plates  flOOO 
ceUs/wellX  Tumce  cell  ptolifeeaiMO  was  «««»*->^  on  a  daily 
by  measuring  ibytasdiDe  upiabe  For  tbe  DU  1 45  model,  DU145 
ware  baivested  accuiaee  ex  days  afret  cberootberapy 
raaovaL  and  replaied  in  96  well  plates  (1000  ceUs/well).  Tumor 
ceD  proUceaoou  was  aamsed  on  a  dafly  >>««■«  by  nttaeuriug 
tbynidne  uptake. 

Evolution  of  "RecurrenT’  Colorues 

SUMl  59  dorraaai  cells  were  haivasied  3-6  d  after  chemoctier- 
apy  removal  tMlb  ciypstn^EDTA,  and  re-plated  id  6-waU  plaut 
(10^  ceDs/wellX  MiHfai  \vas  changed  eveiy  3-^d.  Recurrent 
coloiuet  (dl8-ni2?)  were  stained  Mcb  ciysial  violet  and  cogues 
containing  >50  cels  were  counted  DU143  ^nnant  were 
baivested  wilb  accuiase  6  d  after  cbemoibaapy  renaoval  and  re- 
plared  in  6-weU  plates  (E.5xl0^  ceb/well).  Media  was  changed 
eveiy  S-6  d.  Recurrent  colonies  were  stained  s^tb  ciyital  violet  od 
d22  and  counted  iuin|;  tbe  GelCount 

W«st«m  Slots 

Gdls  were  han'ested  using  tiypain-EDTA,  washed  with  PBS, 
incubated  in  RIP  A  buffet  on  ke  for  20  rain,  a^  then  subjected  to 
bigb  speed  cenurfiigaaou  to  obtain  utal  protein  in  the 

sdulie  fraction  For  nuclear  protein  euraciion,  harvested  cells 
were  firv  incubated  in  cyiosolk  lyses  buffet  (10  mM  HEPES, 

10  mM  RQ,  15mM  MgO^  0.5%  NF40,  and  protelnas 
inbbitort)  on  ire  for  20  >•^>>1,  cencrifUged,  and  tbe  supernatants 
were  coCerted  as  cytoeohe  protein  lyaates  Tlw  res^ual  pelkis 
were  washed  with  cytosolic  buSet  once,  and  then  incubated  in 
oudear  >yes  bufier  (SOotM  TRIS,  1%  SOS,  and  protelnas 
piuB  Benmitase  (Sigma.  St  l^uls,  MO)  on  ke  for 
20  >•^>>1  TIk  supernatants  after  centiUiigatioo  were  collected  as 
audear  protein  euracta.  Protein  roncannaiioos  were  (btereained 
by  BGA  aamy.  Ei^oivaleat  of  protein  were  sut^ected  to 

SOS-pofysciyfamide  gd  electropboreais  (PAC^  and  immuno- 
blotted  with  the  foUosvum;  primaiy  antbodks,  foUowcd  by  the 
appropriraate  species  [RDye-conjt^ted  seconds^  antibody 
(bsU'OgeB)’.  p2l  (Ce£  Sigswling),  GAPOH  (GanSenpt),  Aeon 
(Sigma).  Proteins  were  deUKied  usbg  Odyaiey  infrared  imaging 
system  (O-GOR,  Lincoln. 

Thymidino  Uptake 

Gells  were  plated  u  96-well  ^riates  (2x10*  ceb/well).  After 
ovanugbt  incubation,  ware  incubated  tiitb  0  3  jtCi/wel) 
[Methyl-^HJ-Tbyrndine  (Paiiin  Elmer)  for  4-6  bs  before  bai%«4l- 
ing  onto  glass-fiber  filters.  [^H]-TLymidine  incoiporaooo  was 
measured  as  counts  per  minute  (C^^  using  a  Tn-Carb  2 1 OOTR 
dme-resolved  bquid  counter  (Poitjn  Ebsier). 
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Alamar  Bluo 

GeDs  ware  u  96-well  bonora  plates  (2x10* 

cella/well)  in  100  |d  enm^te  medium  After  6  ^  10  |il/we£ 
alaraarBlue  (life  Technologies)  reagent  was  added  and,  after  3  hs, 
fluorescence  was  measured  usbg  a  GyuoonS  pi«»»  reai^ 
(BbTe^. 

PKH  L^tiing  Study 

SUM139  and  DU  1 45  ceDs  were  labekd  uang  the  nCH26  Red 
Fluorescent  Gell  TmW-  Kit  (Slg^na)  accordu^  to  tba  caanulactur- 
er's  usiiucdons  Tbe  labekd  SUMl  39  eeb  ware  treated  wuh 
doxorabkb  (I  Mg^oal)  g— 1— cbemotberapy  enriched  dor¬ 

mant  cdls,  as  descrflxd  above.  L&ewise,  PKH26-labebd  DU143 
were  treated  with  docetaxel  (10  nM)  to  generaK  ebamotherapy- 
doimaiic  as  above  xr.  were 

detected  usbg  tbe  Guava  EasyGyie  Phis  flow  cytmneter  (Mifii- 
pore). 

Measuring  Chemoth^W  Senuiivicy  of  Recuireni  Tumor 
C«]ls 

SUM139  andDU143  “reotfrenc^  colonks  (» (Ascribed  above) 
were  re-plared  in  T7S  tiisue  culmre  and  grown  as  a 

monolaver.  Parental  tumor  and  recurrent  cells  were 

pbted  in  96-we£  plates  (2x10^  cells/well)  After  overnight 
inciibadon,  ceDi  were  incubated  with  media  oob’t  dcEtoiubscb, 
or  ^ceia.ml  at  tbe  concentrations  for  2  d.  (Methyl- *H]- 

TTiymibnc  was  added  (0  5  |iQ/well)  6  b  before  harvesting  onto 
glaes-fbcT  Qrert  [^H]-'Tlavtnidbe  uvcosporaiion  wes  measured  as 
described  above.  Data  were  reported  as  fokd  change  rcladve  to 
^ii«  cultured  in  alone 

RdSuUt 

Several  erudks  uuheate  that  drug-reanant,  slow-cyding  tumor 
^n«  are  represaniad  at  low  fre^uancy  in  human  rumort,  aivd  are 
iberapy  rcsuiant  [3,6]  Tbe  contribulion  of  these  cells  to  tumor 
recurrence  folouing  chemotherapy  treatment  is  not  known  We 
invemgated  the  hypothesis  that  abon-teim  exposure  of  tumor 
to  chemotherapy  enriches  for  a  alow-cycling,  cberao-reauant 
tumor  cell  sub-populaooo  that  can.  over  lima,  resume  gyowth,  thus 
roerabling  tumor  recurrence  To  test  this  hypothens,  we  exposed 
human  beast  (SUM139)  aitd  prostata  (DUI43)  rumor  cells  to 
acute  cbemotberapy  neatmenl  (Fig.  lA)  SUM139  breast  tumor 
cells  were  exposed  u  Docetaxel  (100  nM^  100-fold  ICm)  or 
Dotorubicin  (I  ug/ml^  lOO^cU  IGm)>  DU14S  prostate  tumor 
^ii«  were  expoeed  to  Docetaxel  (10  nbL  6-lbld  Gbemo- 
tbesapy  was  removed  on  d2  for  SUM139  cells  and  on  d4  for 
DU  1 45  cells,  and  fretb  culoire  iwdium  was  added  After  0  days 
(SUMl  59)  or  10  days  (DU145),  the  majority  of  tumor  cells  were 
dead.  However,  wc  noted  that  a  small  number  of  rendual  tumor 
^ii«  remained  (Fig  IB  and  IG)  These  reoduaJ  rumor 
appeared  to  be  non-proUeradve,  as  indkated  by  tbe  face  that  ibeir 
niioJicn  oot  mcrease  for  several  da)s  (data  not  shown). 
Approsumaieiy  10  d  after  cbemotberapy  removal,  tbeM  iniiliii) 
tumor  cells  resumed  proUferaooe  (Fig.  3G)  and  evenfuaDy  loimcd 
resemblbg  a  tumor  recurrence  (Fig.  IB-ID) 

Tumor  dotmancy  has  been  as  a  conduion  in  wbkb 

rea^ual  cancer  cells  stop  diridu^  (1 1].  L  is  thoi^t  that  these 
remain  dortaanr  for  a  prbonged  period  before  receiving  signals 
(iniiinsic  or  exmnsk)  caus  them  to  resume  growth  and 
estabhsb  recurrent  tumors.  Firtn^  this  deflnilion  of  doimancy, 
both  breast  ^>*ia  and  pronate  rumor  »*ii«  surviving  dtoit 

(arm  chcmotbcrapy  m  our  model  represented  a  tub-populaoon  of 
^n«  ti-a>  did  not  up  appreciable  tb^nsdine  (Fig.  240,  but  were 
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lun/esttd  oa  S  (b*e«5t}  or  <tlQ  (p*MUie)i  ertd  stadcd  8(  2000  n  vpRutt  «els  of  a  96  w«l  plai».  RroVi?f8(lo(i  wsi  dewnfruted  by 

tfiytradne  KotpofaUeri  (•/-SOL  Cel  viability  hb  asseseed  By  alairtar  bkie  (rtuo'^Kence-f/-  SO)  {Bl  Stamocal  si^rilAcaDce  tot  (A)  ar>d  I6(  was 
deietinified  veirig  a  mo-caled  studsAri  i-teei,  iivitb  p<ao5  b«»9  congdeted  ei^niffcant  psQ«5  n  psoood  (**).  C  Total  a^iuiar  ptotom 
€Xbaci6d  from  paeamal  aM  reidoaL  Otento-ragsOAt  tumor  cafe  and  oqufvafem  udouab  were  nvAunobloaed  wlA  p2l  eAtlbody,  folowed  by 
ifOyaoiiRigawd  secondary  antftiody.  ftoteln  loAdirt^  was  aeseised  laing  Aom  or  GAPOH  antftiodies.  Trotein  bands  were  deieeied  by  Inhered 
Ima^ng.  Protein  Ootids  were  quanofled  using  Image  Jsotoaare  CNIHJ,  and  the  relative  rano  of  p2)  to  boding  control  is  Mvvn  tor  each  lan&.  Sbnibr 
readis  were  obUMd  In  3  ind^rendenr  Trials  O.  SUMI59  or  DUTdS  tumor  cells  were  stained  wtrh  Oie  bOekeoMig  dye  ndC&  uid  bbolng 

etodency  was  assessed  by  Sow  cytomeay  on  Day  a  W>Wafcolcd  SUU159  cels  were  elthet  left  isnueated  ( - )  or  moibated  tor  2  d  with 

Doaorubtcln  (I  upMilr— )  PilK2fr4abelled  0UI45  cells  wereeHher left  imireated  f-- -^or  Incubatedfore  d  wfth  DocetOMl  (10  nM. —LT>ie  %  label- 
retaMig  cels  ms  detemlned  on  d7  SIIM159I  or  did  (Dui<tSl  after  ireamem.  Note  Out  at  the  time  of  turrest,  die  nwjorKy  of  untreated  cells 
(proMereuve)  had  bs  the  dye  wheres  slow<ydlrig  demtarit  cells  eitnched  by  chemodurepy  hod  retalived  die  dye 
doll  0  <371  i9ounelpone0O99O2i.90a2 
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Figure  3.  KlBoOes  of  *>*«urronr  colony  ^owth.  SUM159  tumor  cells  were  mooted  wfth  CKnotubUii  (2dl  as  mdcaied  tn  Fig  t.  A  ond  B. 
KfeKtks  of  cell  diecift  were  essecsed  by  imaging  representative  fields  (A>  as  weB  s  by  countsrig  vuble  cells  usmg  oy^n  blue  (Bi  at  the  nBcaied 
mes  posi-tfemoiherapytreednent  C  FroBferatIve  status  ofreodual  tumor  cels  was  measured  over  ome  by  performing  thynUAne  Incorpoodon 
essays  cm  cels  12000  ceb/woi)  harvested  at  the  mAcaied  vnes  post-chemotherapy  treatment 
doll  ai37i /fotanalM  tie  nN8O2i.g0O3 
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P  Igut*  4.  Twner  Mill  Iran  MwontcaloiiMcaM  laor*  roaMafilM  dtemMlMt A  python  por*Ato  I  tiimer  Mile.  Aand  B.  SUMI59  bteesi 
oanof  ulle  «efe  iriujbAted  Wi  DoxomMSt  (A)  or  Docstscel  {Bl  as  It  fl^  I.  ReddtMl  (un^or  cels  were  allowed  to  90W  In  0)e  aOeence  of 
dtemoOtetepy/  resiiung  It  the  evokiSoA  of  ‘Tecurrenr'  coIoaib.  Twnor  cels  froiri  recurreiM  colonKs,  as  well  as  pereiMal  tumor  calls,  were  re* 
dulleneedvitih  0)e  indcatod  corxenraOoAs  of  OoaonsbklA  <A)  o'  Oocewel  ilL  Otefivo-sensliMrvwes  asseesed  byOiymMlne  Inco'po'aoon  OeU 
for  ead)  point  are  expressed  as  fold  dsartge  reMve  to  cels  adnred  In  media  only.  ns4  error  bars  represent  Si).  **p<0005.  C  DUies 

prostate  tumor  cells  were  Hoisted  wttA  Pocetaxel  as  In  Ag.  k.  fiedOual  oanor  cells  were  allowed  to  9row  In  Ore  absertce  of  cKernotherapy,  resuing 
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■t  Ote  evokfOon  of  *>ecuneM'  cotoMec  Turoo'  cels  fiom  recurreiM  colofWe  and  Mretiul  (wriof  uMs  were  re<lwlleA9ed  wUi  die  lfi<Buted 
concenoMons  of  OoceUMl  Oieno-MnsUMry  wu  assessed  by  thyirudlrte  itKorporetlofij  as  Iri  A  er^d  B 


deiio  i37i/)euM>>'«cowci4oaa 

BMiebobca&v  acdve,  as  indkatcd  uau^  an  blue  asay 

2B)  Notably,  diemo-residual  DUI^  proaaie  aactf  calls 
exhibfied  increased  alamar  blue  poskivifv  compared  to  parental 
DUI45  eels,  suggesting  that  l^e  enrKhed  may  have 
elevated  mecabolitt  Checeo-residual  tuaor  **ii«  abo  expreeed 
increased  kvels  of  p2l  (Fig;.  2C),  a  cell  cycle  amsi  protein. 
GonirastiDg  with  p»— ri>ai  tumor  cberaotha’apv-anched 
OiEOor  cels  were  tlosv-cvdiDg,  as  indKatedby  ibear  retencroo  of  the 
I^Mplubc  dye  FKH26  (Fig  2D). 

We  *>»»<  soug^  to  devrmine  die  time  ebuoMherapy 
taaoval  that  ^rmant  tuaor  resumed  growth  aftes  chemo¬ 
therapy  removaL  The  nuabes  of  mble  breast  tunsor 
decreased  lor  (tve  days  after  chemotherapy  removal,  as  demon- 
straied  in  Fig.  3A  and  B.  However,  ret^ual  rumor  did  not 
resume  peohferaikm  appeouaately  10  days  after  chemo¬ 
therapy  removal,  u  aatused  by  thyaidae  uptake  (Fig  BQ. 
Similar  kinetics  of  growth  were  observed  using  the  DU143/ 
docetaxel  prostate  cancer  (data  not  dMwti) 

RecumM  rumors  are  frequently  detected  a  cancer  paiknts 
many  years  alts  lauial  cheao^rapy  trearmenc,  and  these  rumors 
are  ctiemo-relractory.  Similar  to  recturenl  tumors  a  paosuts, 
recurrem  celb  evoMng  in  our  from  chemotherapy- 
enriched  (^rmant  celb  eahi^ed  increased  cheaocherapy  resis¬ 
tance  (Fig  4)  Increased  therapy  resistance  was  obse^d  in  both 
recurreoi  breast  tuaor  **i*«  (Fig  4A  and  B)  and  in  recurrent 
prostate  celb  (Fig.  4G)  Notably,  resutani  recurreni  breast 

tuaor  were  oteived  independent  of  the  of 

cheaocherapy  creattneut  {caxane  vs  anthra^ilne)  (Fig  4A  and 
4B). 

DiKUision 

Our  rsuUs  t^aonsiraia  darmant,  chcmo-rejcstant  tuaor 
can  be  anrkhad  from  human  breasi  and  prostate  tuaor  cel 
lines  by  shon-vrm  cbenwtlierapy  treatment  DN/^damagsug 
(Doxotubkin)  and  tnkrorubula-mochfysng  (Docetasel)  cheaocher- 
apias,  representing  standard  treatment  regimens  for  breast  and 
prostate  cancer  paiknts  re^covcly,  enrkbed  for  these  dormant 
at  clink  ally  relevant  dMS  (12,1^,  indkaong  beoad  relevance 
to  patient  ireataent  (Fig  I). 

Tha  cutrenlsaidy  focused  on  the  ahtUry  of  these  doraant  tuaor 
to  resume  grosvih  upon  chemotherapy  withdrawal,  tesem- 
bling  the  process  of  tumor  recurrence  Notably,  “recurrent*’ tuaor 
evoMng  after  chemotherapy  t^sthdawal  ivere  more  retisiam 
to  subsequent  cbemoiba’apy  chan  parental  tuaor 

The  therapy  reststance  acurrent  tumor  in  our  model 

Rfrfvrancfrs 
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reseaibls  therapy  resbcance  of  rocunent  tuaorsa  cancer  pananls 

w 

The  resBcani  phenotype  of  “recurrent”  tumor  evolving 
froa  our  ^*»>a*fitfcia«apy.^ni«fVi«i^  (^nuant  cells  contrasts  with  the 
reversiUy-resuiant  phenotype  of  tumor  celb  suk^cted  to  long- 
taim  drug  sefection  1^,14].  To  date,  we  have  obseived  continued 
resistance  of  our  “recurrent”  breast  tuaor  hnet  for  SO  days  after 
chemotherapy  withdrawal  (representing  approtimately  40  dou¬ 
bling  ""MM  for  ihae  ^Hy  ^ca  nor  sbowii)  The  irrevartible 
resistance  of  these  drug  ratstanl  rumor  has  impmeant 
iaplKauons  for  paiknt  ueamenL  SpectficaDy,  die  of 

iirevarsUa  drug  resistant  phenotypes  a  the  otigiaal  tumor  argues 
against  aodels  suggestiag  «fc«r  recurrent  tumors  artstng  a  patients 
after  a  gap  in  treatment  f'Aug  hohday”)  aay  beneft  from 
retreamient  with  the  therapy  (4].  SruAa  are  ongoag  to 
detemiue  if  “recurrent"  tumor  from  our  at  tsos  model 
remain  cbemo-refracto^  for  months  after  therapy  svkhdrawal 

We  are  currandy  defining  resistance  tnechanisms  (DNA  repair, 
diug  cQusl)  of  recurrent  Uimor  cells  evolving  fioa  our  short  terra 
chemotherapy  enrichment  coodeL  Notably,  recurrent  colonks 
^^^»a^i"rg  increased  chemotherapy  resiscance  relaove  to  parental 
"I"*"-  celh  were  obtained  regardless  of  the  chemotherapy  dass 
studkd  [DNA-damaging  {Dotorubicin)  or  nucrotubule-racMhfyu^ 
fTaxanc)].  Tins  finding  raises  the  iB^»onaol  possibilirv  cbemo- 
reaisianc  runur  may  be  cront-resbiaol  to  multiple  chemo¬ 
therapy  ,  a  topic  of  current  laveaigation 

Our  ■  mS«  of  tumor  dorraancy/recuireocc  is  important 
because  it  enriches  ft*  a  dormant  rumor  cel  population  is 
noimafry  under-represented  in  the  parental  rumor  cel  Iwc. 
Ourtanl  ^"i**!"*  in  the  lab  are  focused  on  fa^nofying  novel 
iignahng  pathways  «*»»«  drtve  rumor  dotmancy/recurrence  using 
tfeu  short-rsmi  chemotherapy  enikhEoent  ssaiegy.  These  studks 
have  the  poteodej  to  identify!  I)  logkal  therapeurk  targets  in 
cliemo-reastant,  dormant  """im  cell  and  2)  bkmark- 

ars  that  preAct  recuirance-frne  survival 
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